In this paper we provide an in-sample assessment of how the South African Reserve Bank (SARB) sets policy rate in the context of both linear and nonlinear Taylor type rule models of monetary policy. Given the controversial debate on whether central banks should target asset prices for economic stability, we investigate whether the SARB policy-makers pay close attention to asset and financial markets in its policy decisions. The main findings are that the nonlinear Taylor rule improves its performance with the advent of the financial crisis, providing the best description of in-sample SARB interest rate setting behaviour. The SARB policy-makers pay close attention to the financial conditions index when setting interest rate. The SARB's response of monetary policy to inflation is greater during business cycle recessions with not much weight on output and seems to place high importance on inflationary pressures of output during boom periods. The 2007-2009 financial crisis witnesses an overall decreased reaction to inflation, output and financial conditions amidst increased economic uncertainty, with a shift from an asymmetric response to financial conditions over recessions to a more symmetric response irrespectively of the state of the economy.
Introduction
We investigate the objectives of the South African Reserve Bank (the SARB, hereafter) in the light of instrument rules. More precisely, we make use of the Taylor rule model and its extensions (e.g. Taylor, 1993; Clarida et al., 2000) , where interest rates relate linearly to the gap between actual and desired values of inflation and output.
Recently however, researchers have questioned the linear specification and a nonlinear framework applies if, for instance, the central bank has asymmetric preferences as originally propounded by Nobay and Peel (2003) in the context of linex function for the preferences of the Central Banks (a number of other studies have made use of these types of preferences; Cukierman (2002), Bec et al., 2002 , RugeMurcia (2003 ), a nonlinear Phillips curve (Schaling 2004) or, if it follows the opportunistic approach to disinflation (OAD) (Aksoy et al. 2007 ).
These benchmark of monetary policy rules have been the subject of intense debate in the last few years as recent economic events have turned the attention on the behaviour of certain asset prices (stock prices, house prices, the exchange rate) and the concern by central banks over the maintenance of financial stability (see Bernanke and Gertler 2001; Chadha, Sarno, Valente 2004) . The view that a central banks' objective function which addresses inflation and output stabilisation ignoring movements in assets prices and other financial variables may be too restrictive is gaining momentum. For instance, Mishkin (2008) In the South African context, it is worth noting that the SARB's other primary goals, as defined in the Constitution, is to protect the value of the currency and achieve and maintain financial stability though the South African financial institutions experienced no direct exposure to the sub prime crisis in terms of interbank or liquidity problems of the type experienced in developed countries (see Mboweni, 2008a , 2008b and Mminele, 2009 . Also South Africa's economy is highly capitalized. The market value of its financial assets was recently close to 100 percent of Gross Domestic Product, making it a more valid proxy for aggregate wealth (or a claim to aggregate consumption) than in some advanced economies (eg. Italy and Germany -see Campbell (2003) , page 811).
Few works in the monetary policy literature have concentrated on nonlinear models and fewer have considered the financial index as a variable targeted by central bankers. For an early work using such an index, Castro (2008) shows that, in contrast to the Federal Reserve and the Bank of England, ECB policymakers pay close attention to financial conditions when setting the Eurozone interest rate. This marks a significant point of departure for our paper: using inflation, output and a proxy for financial conditions as the main underlying variables, we examine whether monetary policy in the form of nonlinear Taylor rule models can provide additional information over a linear model. In particular, we employ an extension of the linear Taylor rule to a regime-switching framework, where the transition from one regime to the other occurs in a smooth way. The switching between regimes is controlled by output. This feature of the smooth transition model allows us to test the ability of the state of the business cycles to best describe the nonlinear dynamics of the interest rate in South Africa also accounting for the information available in the financial conditions index. In this paper, the financial condition index is measured as an average of the real effective exchange rate, real house prices, real stock prices, credit spread and futures interest rate spread.
To assess the ability of the alternative policy rules to predict the SARB's interest rates in-sample, we use final data. The paper proceeds as follows. Section 2 summarises the linear and nonlinear models. Section 3 discusses the data. Section 4 reports the insample analysis. Section 5 provides some concluding remarks.
1 The literature has made a distinction between real-time versus ex post revised (final) data. In particular, Orphanides et al. (2001 Orphanides et al. ( , 2002 Orphanides et al. ( , 2005 have shown that empirical estimates of the output gap are subject to significant revisions. We consider the following nonlinear policy rule type. is the weight (defined below in (5)), at the beginning of period t, that output in period ) ( q t + will be less than τ percent points from equilibrium. In model (4), the response to inflation, the output gap and the financial index is allowed to differ between output regimes. In (5) the smoothness parameter y γ > 0 determines the smoothness of the transition regimes. We follow Granger and Teräsvirta (1993) and Teräsvirta (1994) in making y γ dimension-free by dividing it by the standard deviation of t t q E y + .
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Data description
We use South African monthly seasonally adjusted data sourced from the SARB database. The sample ranges from 2000:01 to 2008:12, which covers the inflation targeting regime in South Africa. The repurchase rate (repo rate) measures the nominal interest rate. Inflation is measured by the annual change in the consumer price index. Output is measured using the coincident business cycle indicator computed by the SARB and we measure the output gap as the deviation of this from a Hodrick-Prescott (1997) trend.
The financial index variable pools together relevant information provided by a number of financial variables. The index is constructed as a weighted average of (i) the real effective exchange rate with the foreign exchange rate in the denominator, (ii) the real house price index where the house price index is an average price of all houses compiled by the ABSA bank, deflated by the consumer price index (iii) the real stock price which is measured by the Johannesburg Stock Exchange All Share index, deflated by the consumer price index (iv) the credit spread which is the spread between the yield on the 10-year government bond and the yield on A rated corporate bonds, and (v) the future spread which is the change of spread between the 3-month interest rate futures contracts in the previous quarter and the current short-term interest rate.
The real effective exchange rate, stock price and house price variables are detrended by a HP filter. To tackle the end-point problem in calculating the HP trend (see Mise et al, 2005a,b) , we applied an autoregressive (AR(n)) model (with n set at 4 to eliminate serial correlation) to the output measure and the components of the financial index. The AR model was used to forecast twelve additional months that were then added to each of the series before applying Using the above information set, we consider the models set out in section 2; these are reported in Table 1 The rolling scheme can also be used to guard from moment or parameter drift which might be particularly relevant amidst the financial crisis.
In-sample analysis
Empirical results for the first window of estimation
To fix ideas, Table 2 For the linear model (Model 1), the last three rows of A plausible explanation is that given that inflation has been relatively high over the sample period, the monetary authority does not follow output in recession but is concerned over the inflation pressures that might arise as a consequence of a pronounced boom. The results also reveal that
that is, a stronger response to the financial conditions index during business cycle downturns than during business cycle upturns. 5 We have also attempted linear and nonlinear versions of Models 1 and 2 that exclude the financial index variable. Also nonlinear policy rules can be defined using inflation or the financial index as possible transition variables in the weight function (5). This implies that the response of interest rates to inflation, output gap and the financial index depends on inflation and financial 5 With the aim to determine the causal relationship between inflation and financial condition index we perform a Granger causality test. A VAR is modeled with a lag order of 2 as suggested by four of the Lag order selection tests among them the AIC. The Ganger causality test reveals that there is a unidirectional causality running from the financial condition index to inflation (the null of no Granger causality is rejected at 1% level of significance). In contrast, inflation does not Granger-cause the financial condition index as we fail to reject the null. conditions regimes, respectively. Alternatively, one can use the quadratic logistic function as in Martin and Milas (2004) . The advantage of this nonlinear form is that it allows for an inflation zone targeting regime. These nonlinear models were considered and in statistical terms, these models performed quite poorly compared to the models reported here in terms of AIC criterion.
We therefore conclude that the SARB pays close attention to financial conditions when setting interest rate; moreover, the response to the financial index depends on the state of the economy, viz., business cycles.
Parameter evolution with recursive expanding windows of estimation
To get an idea of how the response parameters π ρ , y ρ , and f ρ evolve over time, Figure 2 plots the recursive estimates (plus/minus 2*standard errors) over expanding data windows, together with the implied inflation target rate, 
Conclusions
In this paper we investigate both linear and nonlinear Taylor type monetary policy reaction functions for the SARB. Using inflation, output and a proxy for financial conditions as the main underlying variables, we assess policy insample. In addition, we perform recursive and rolling estimations of the policy rules with the aim to provide significant information on how the response coefficients to inflation, output and financial conditions have varied across times and across regimes (with respect to the state of the economy, viz., business cycles).
We find that the nonlinear model under fixed-length rolling estimation records the best description of the interest rate setting behaviour of the SARB. The estimation unanimously shows that the SARB pays close attention to the financial conditions index when setting interest rates. Furthermore, we also found that owing to the relatively high inflation rate over the sample period, the SARB's response of monetary policy to inflation is greater during business Our work can be extended in several ways. It would be interesting to estimate our model using data for different Central Banks. Also out-of-sample predictions of the different models might provide further insights in the interest rate setting behaviour of Central Banks. We intend to address these issues in future work. J stat is the p-value of a chi-square test of the model's over-identifying restrictions (Hansen, 1982) . The set of instruments includes a constant, 1-6, 9, 12 lagged values of repo rate, the inflation, the output gap, the 10-year government bond, money (M3) growth, and the financial index. The table also reports bootstrapped p-values of the λ, λ A , and g tests based on 1000 re-samples. I  II  III  IV  I  II  III  IV  I  II  III   2006  2007  2008 Estimated inflation taget + 2*S.E Estimated inflation taget Estimated inflation taget -2*S.E 
